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HIGH STRENGTH, HIGH DUCTILITY 
TITANIUM-ALLOY AND PROCESS FOR 

PRODUCING THE SAME 

TECHNICAL FIELD 

The present invention relates to a high strength, high 
ductility titanium alloy and a process for producing the 
same. The present invention relates, in more detail, to a high 
strength, high ductility titanium alloy containing no alloying 
elements Which increase the production cost, such as Al, V 
and Mo, and having a tensile strength as high as at least 700 
MPa, preferably at least 850 MPa, particularly preferably at 
least 900 MPa and an elongation as high as at least 15%, 
preferably at least 20%, and a process for producing the 
same. 

BACKGROUND ART 

(ot+[3)-alloys and [3-alloys containing Al, V, Zr, Sn, Cr, 
Mo, and the like have heretofore been knoWn as high 
strength titanium alloys. In general, these conventional 
alloys have a tensile strength of at least 900 MPa, and there 
are feW titanium alloys having a strength level betWeen that 
of pure titanium and that of the conventional alloys, namely 
from about 700 to 900 MPa. 

For example, Ti—6Al—4V alloy is a typical alloy of the 
(ot+[3)-alloys, and has a tensile strength of 850 to 1,000 MPa 
and an elongation of 10 to 15% in an annealed state. There 
is Ti—3Al—2.5V alloy Which has a strength level loWer 
than the alloy mentioned above, and Which has a tensile 
strength of 700 to 800 MPa and is excellent in ductility. 

HoWever, since these alloys contain V Which is a high cost 
alloying element, they have the disadvantage that their cost 
is high. 

Accordingly, the alloys mentioned beloW have been pro 
posed in Which V, a high cost alloying element, is replaced 
With Fe, a loW cost element: Ti—5Al—2.5Fe alloy 
(“Titanium Science and Technology,” Deutche Gesellshaft 
fur Metallkunde E.V. p1335 (1984)), and Ti—6Al—1.7Fe— 
0.1Si alloy and Ti—6.5Al—1.3Fe alloy (Advanced Material 
& Processes, p43 (1993)). 

HoWever, the above alloys Which have been proposed 
contain a large amount of Al, and have high strength and loW 
ductility at high temperature. The alloys have, therefore, 
poor hot Workability compared With pure Ti. These alloys 
have the problem that the hot Working cost is still high 
though the raW material cost is loWered by replacing V With 
Fe. 

Accordingly, an alloy has been proposed Which contains 
neither Al nor V and Which utiliZes O (oxygen) and N 
(nitrogen) as interstitial strengthening elements. For 
example, Japanese Patent Kokai Publication No. 61-159563 
discloses a process for producing a pure Ti forged material 
having a tensile strength at the level of 80 kgf/mm2 class and 
an elongation of at least 20% Which process comprises 
rough forging at high temperature including upsetting 
forging, ?nish forging, and heat treating at temperature of 
500 to 700° C. for up to 60 minutes. The process, hoWever, 
requires complicated forging such as upsetting forging and 
heavy deformation, and it cannot be adopted in general. 

Japanese Patent Kokai Publication No. 1-252747 dis 
closes a high strength titanium alloy excellent in ductility 
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Which requires no speci?c forming, and Which can be 
formed into products having various shapes such as sheets 
and rods by conventional rolling. The titanium alloy dis 
closed herein contains O, N and Fe as strengthening ele 

ments. The contents of these strengthening elements are 

de?ned as folloWs: the Fe content is from 0.1 to 0.8% by 

Weight, and the oxygen equivalent value Q, Which is de?ned 
to be equal to [O]+2.77[N]+0.1[Fe], is from 0.35 to 1.0. The 
N content is de?ned to be practically at least 0.05% by 

Weight as disclosed in examples, and the titanium alloy is 
made to have ?ne microstructure in the (ot+[3) dual and 
equiaxed phase or lamellar layers. As a result, the titanium 
alloy has a tensile strength of at least 65 kgf/mm2. 

The disclosed titanium alloy attains a tensile strength of at 

least 65 kgf/mm2 and an elongation of at least 20% by solid 
solution strengthening With O and N, and by microstructural 
grain re?ning effects obtained by utiliZing an Fe content 
higher than that of pure titanium, and it attains a tensile 
strength of at least 85 kgf/mm2 particularly When Q§0.6. 

HoWever, as shoWn in FIGS. 1 and 2 in the patent 

publication, the titanium alloy has a tensile strength of up to 
95 kgf/mm2 When Q§0.8, though it has an elongation of at 
least 15%. Moreover, though the titanium alloy has a tensile 
strength as high as from 95 to 115 kgf/mm2 When Q=0.8 to 

1.0, it has an elongation as loW as up to 15%. 

As described above, the titanium alloy does not alWays 
have both a high strength and a high ductility at the same 

time. Accordingly, a further development of a titanium alloy 
having both a high strength and a high ductility is desired. 

Furthermore, although the alloy requires a N content as 
high as at least 0.05% by Weight, the addition of such a large 
amount of N is extremely dif?cult in the production of the 
alloy by melting. Control of the addition amount is also 
dif?cult. 

That is, since melting titanium is conducted in vacuum or 

in an inert gas atmosphere at loW pressure, introducing 

nitrogen using a nitrogen gas is almost impossible during 
melting. Nitrogen, therefore, must be introduced in the form 
of a nitrogen-containing solid. To avoid a contamination 

With impurities Which exert adverse effects on the properties 

of titanium, the addition of nitrogen-containing titanium is 
preferred. To obtain such a high nitrogen content as men 

tioned above, a technique such as addition of titanium 

containing a large amount of nitrogen becomes necessary. 
As a result, a compound such as TiN having a very high 

melting point of 3,290° C., and likely to form an undissolved 
portion, may form. Such undissolved TiN, etc. may remain 
as nitrogen-rich inclusions in the titanium alloy, and it may 
form a fatal defect such as the starting point of a fatigue 

failure. Moreover, since nitrogen is a gas component, the 
introduced nitrogen tends to evaporate even When the nitro 
gen is introduced in the form of a nitrogen-containing solid, 
and control of the nitrogen content is dif?cult. 
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DISCLOSURE OF THE INVENTION 

An object of the present invention is to provide a titanium 
alloy having a still higher strength and a still higher ductility 
compared With the conventional alloys mentioned above 
While the content of nitrogen Which is dif?cult to add is 
decreased. 

According to a ?rst aspect of the present invention, the 
object is achieved by a high strength, high ductility titanium 
alloy cornprising O, N and Fe as strengthening elements and 
the balance substantially Ti, the contents of the strengthen 
ing elernents satisfying the folloWing relationships (1) to (3): 

(1) from 0.9 to 2.3% by Weight of Fe, 
(2) up to 0.05% by Weight of N, and 
(3) an oxygen equivalent value Q, Which is de?ned by the 

formula mentioned below, of 0.34 to 1.00 

Wherein [O] is an oxygen content (% by Weight), [N] is a 
nitrogen content (% by Weight) and [Fe] is an iron content 
(% by Weight), the titanium alloy having a tensile strength 
of at least 700 MPa and an elongation of at least 15%. 

According to a second aspect of the present invention, the 
object is also achieved by a high strength, high ductility 
titanium alloy cornprising O, N, Fe and at least one element 
selected from Cr and Ni as strengthening elements and the 
balance consisting substantially of Ti, the contents of the 
strengthening elernents satisfying the folloWing relation 
ships (1) to (6): 

(1) from 0.9 to 2.3% by Weight of the total amount of Fe, 
Cr and Ni, 

(2) at least 0.4% by Weight of Fe, 
(3) up to 0.25% by Weight of Cr, 
(4) up to 0.25% by Weight of Ni, 
(5) up to 0.05% by Weight of N, and 
(6) an oxygen equivalent value Q, Which is de?ned by the 

formula mentioned below, of 0.34 to 1.00 

Wherein [O] is an oxygen content (% by Weight), [N] is a 
nitrogen content (% by Weight), [Fe] is an iron content (% 
by Weight), [Cr] is a Cr content (% by Weight) and [Ni] is 
a Ni content (% by Weight), the titanium alloy having a 
tensile strength of at least 700 MPa and an elongation of at 
least 15%. 

According to a ?rst vieWpoint of the ?rst or second aspect 
of the present invention, a high strength, high ductility 
titanium alloy Which has the oxygen equivalent value Q of 
0.34 to 0.68, a tensile strength of 700 to 900 MPa and an 
elongation of at least 20% is provided. 

According to a second vieWpoint of the ?rst or second 
aspect of the present invention, a high strength, high duc 
tility titanium alloy Which has the oxygen equivalent value 
Q of 0.50 to 1.00, a tensile strength of at least 850 MPa and 
an elongation of at least 15% is provided. 

According to a preferred mode based on the second 
vieWpoint of the ?rst or second aspect of the present 
invention, a high strength, high ductility titanium alloy 
Which has the oxygen equivalent value Q of greater than 
0.68 to 1.00 and a tensile strength exceeding 900 MPa is 
provided. 
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Furthermore, a third aspect of the present invention is a 

process for producing a high strength, high ductility titanium 
alloy according to the ?rst or second aspect of the present 
invention Which process comprises charging and melting at 
least one steel selected from carbon steels and stainless 
steels during the production of the titanium alloy by melting, 
so that Fe, or at least part of Fe, Cr and Ni as the strength 
ening elements is introduced from the steel. 
A fourth aspect of the present invention is a process for 

producing the high strength, high ductility titanium alloy 
according to the ?rst or second aspect of the present inven 
tion Which process comprises producing sponge titaniurn by 
the use of a vessel containing Fe, or at least one element 

selected from Fe, Cr and Ni in the step for producing sponge 
titaniurn, so that the sponge titaniurn contains Fe or the at 
least one element selected from Fe, Cr and Ni Which has 
been transferred therefrom and has invaded, and supplying 
the sponge titaniurn as at least part of the supply raw 
materials for Fe, or for the at least one element selected from 

Fe, Cr and Ni, as the strengthening elernent during the 
production of the titanium alloy by melting. 

Although nitrogen Which is an interstitial solid-solution 
elernent dissolved in the ot-phase to solid-solution 
strengthen the alloy, control of the amount thereof necessary 
for strengthening during rnelting by VAR (vacuurn arc 
melting) or the like is dif?cult. Moreover, When the content 
is excessive, the ductility is unpreferably loWered. In the 
present invention, therefore, the addition and the content 
control of nitrogen are made easy by decreasing the N 
content. Since nitrogen may be added in a decreased 
arnount, N-rich inclusions in the raw materials for melting 
are decreased to such an extent that they can be made to 

disappear by VAR. 
HoWever, When the addition amount of N is decreased, the 

degree of strengthening the titanium alloy With N is also 
decreased. To ensure the strength, it is satisfactory to supple 
rnent a decrease in the amount of N With O or Fe Which is 

a strengthening elernent. HoWever, an increase in the amount 
of O loWers ductility. An increase in the amount of Fe 
sirnilarly loWers the ductility. The latter instance is 
disclosed, for example, in test Nos. 9 and 10 of Table 3 in 
Japanese Patent Kokai Publication No. 1-252747. 
As a result of conducting various experiments for the 

purpose of improving the strength as Well as the ductility, the 
present inventors have discovered that an increase in the 
amount of Fe loWers the ductility When the N content is at 
least 0.055% by Weight, and that an increase in Fe, therefore, 
does not loWer the ductility but improves the strength When 
the N content is made less than 0.055% by Weight, particu 
larly When it is made less than 0.050% by Weight. That is, 
the strength and the ductility are simultaneously improved 
by adjusting the N content to up to 0.05% by Weight and the 
Fe content to at least 0.9% by Weight. 
The reasons for the effect described above are described 

beloW. 
Since Fe is a [3-phase-stabiliZing elernent, an increase in 

the amount of Fe increases the amount of the [3-phase, and 
as a result the amount of the ot-phase decreases. 
Consequently, N Which is an ot-phase-stabiliZing element is 
enriched in the ot-phase Which has decreased in amount. 
When the N content exceeds 0.05% by Weight, a Ti2N 
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superlattice phase tends to precipitate in the ot-phase due to 
the enrichment, and the precipitates loWer the ductility. The 
restriction of the N content to 0.05% by Weight makes such 
a precipitation phase dif?cult to form, and an increase in the 
amount of Fe improves the strength. 
When O exists in an excessively large amount, the super 

lattice phases of Ti3O and Ti2O are formed. HoWever, the 
amount of O necessary for forming these superlattice phases 
is particularly large compared With that of N, and does not 
matter at all in the scope of the present invention. 

According to the present invention, a titanium alloy 
attains a tensile strength of at least 700 MPa and an 
elongation of at least 15%. When a titanium alloy is solid 
solution strengthened by simply increasing the amounts of O 
and N, the ductility is loWered, though the strength is 
increased. In the present invention, the N content is 
decreased to up to 0.05% by Weight and then the amount of 
Fe is increased to at least 0.9% by Weight, Whereby the 
amount of the [3-phase having good ductility is increased and 
good ductility of the alloy is ensured. At the same time, the 
contents of O, N and Fe Which are strengthening elements 
are adjusted so that the oxygen equivalent value Q satis?es 
the relationship Q=0.34 to 1.00. As a result, the titanium 
alloy attains a tensile strength of at least 700 MPa and an 
elongation of at least 15%. The oxygen equivalent value Q 
herein is de?ned by the folloWing formula: 

Wherein [O] is an oxygen content (% by Weight), [N] is a 
nitrogen content (% by Weight) and [Fe] is an iron content 
(% by Weight). 

Especially according to the ?rst vieWpoint of the present 
invention, When the Q value is made to fall in a range of 0.34 
to 0.68, a high strength titanium alloy particularly excellent 
in ductility is obtained Which has a tensile strength of 700 to 
900 MPa and an elongation of at least 20%. To ensure a 

tensile strength of at least 700 MPa, the Q value is required 
to be at least 0.34. To ensure an elongation of at least 20%, 
the Q value is required to be up to 0.68. 

Furthermore, according to the second vieWpoint of the 
present invention, When the Q value is made to fall in a range 
of at least 0.50 to 1.00, a titanium alloy is obtained Which has 
a tensile strength of at least 850 MPa and an elongation of 
at least 15%, that is, Which is ensured to have a still higher 
strength and a good ductility. To ensure a tensile strength of 
at least 850 MPa, the Q value is required to be at least 0.50. 
To ensure an elongation of at least 15%, the Q value is 
required to be up to 1.00. 

According to a preferred mode based on the second 
vieWpoint of the present invention, When the Q value is 
made to fall in a range of greater than 0.68 to 1.00, a titanium 
alloy is obtained Which has a tensile strength exceeding 900 
MPa and an elongation of at least 15%, that is, Which is 
ensured to have the highest strength and a good ductility. To 
ensure a tensile strength exceeding 900 MPa, the Q value is 
required to be at least 0.68. To ensure an elongation of at 

least 15%, the Q value is required to be up to 1.00. 
O, N and Fe are essential components as strengthening 

elements in the present invention, and exist Without fail, in 
the alloy of the present invention, in content ranges satis 
fying the relationship With regard to the Q value. For the 
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6 
reasons mentioned above, the N content is required to be up 
to 0.05% by Weight, and the Fe content in accordance 
thereWith is required to be at least 0.9% by Weight. HoWever, 
When the Fe content becomes excessive, solidi?cation seg 
regation becomes signi?cant, and the properties are deterio 
rated. Accordingly, the Fe content is de?ned to be up to 2.3% 
by Weight. 

In the present invention, part of Fe can be replaced With 
at least one element selected from Cr and Ni. Cr and Ni, as 
Well as Fe, are [3-phase-stabiliZing elements. These elements 
make grains ?ne, and contribute to highly strengthening the 
titanium alloy. In this case, Q is de?ned by the folloWing 
formula obtained by replacing the term [Fe] in the above 
mentioned formula of Q With [Fe]+[Cr]+[Ni]: 

Q=[O]+2.77[N]+O.1{[Fe]+[Cr]+[Ni]} 
Wherein [O] is an oxygen content (% by Weight), [N] is a 
nitrogen content (% by Weight), [Fe] is an iron content.(% by 
Weight), [Cr] is a chromium content (% by Weight), and [Ni] 
is a nickel content (% by Weight). 

In this case also, the range of Q according to the present 
invention is from 0.9 to 2.3. To increase the strength and the 
ductility simultaneously, the Q value is required to be at least 
0.9. When the Q value exceeds 2.3, solidi?cation segrega 
tion becomes signi?cant and the properties are deteriorated 
as in case Where Fe alone is added Without adding Cr and Ni. 

HoWever, When at least one element selected from Cr and 
Ni is added, addition of Cr or Ni in a large amount results 
in the formation of TiCr2 or Ti2Ni Which are brittle 
compounds, and consequently the ductility is loWered. To 
prevent the phenomenon, it is necessary that the contents of 
Cr and Ni should be de?ned to be each up to 0.25% by 
Weight, and that the content of Fe should be de?ned to be at 
least 0.4% by Weight, preferably at least 0.5% by Weight. 
The titanium alloy of the present invention usually con 

tains C, H, Mo, Mn, Si, S, etc. as impurities as in the case 
of conventional pure titanium or a conventional titanium 

alloy. The contents are, hoWever, each less than 0.05% by 
Weight. 

The titanium alloy of the present invention is usually 
prepared as described beloW. Titanium is placed in a melting 
furnace, and arc melted in vacuum or in an Ar atmosphere 

(VAR melting). In the present invention, a carbon steel 
and/or a stainless steel may be supplied during melting, 
Whereby Fe and at least one element selected from Cr and Ni 
can be added to Ti. Fe, Cr and Ni may be added in the total 
amount of 0.9 to 2.3% by Weight by the procedure men 
tioned above. Alternatively, these elements may be added by 
the above procedure in combination With another addition 
procedure so that the addition amount falls in the range as 
mentioned above. Preferably, loW cost scrap may also be 
used as a raW material. 

Although there is no speci?c limitation on the addition 
raW materials, examples of the carbon steel and the stainless 
steel to be used are JIS-SS400, JIS-SUS430 (Fe—17Cr), 
JIS-SUS304 (Fe—18Cr—8Ni), JIS-SUS316 (Fe—18Cr— 
8Ni), JIS-SUS316 (Fe—18Cr—8Ni—2Mo), and the like. 
Although C, Mo, etc. are contained in these raW materials, 
the amounts of these elements are trace compared With the 
contents of Fe, Cr and Ni. These elements belong to impu 
rities the contents of Which are each less than 0.05% by 
Weight. 
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In the present invention, Fe, Cr and Ni may also be added 
by other means as described below. 

That is, in re?ning titanium and producing sponge tita 
nium by reduction With Mg, i.e., by the Kroll process, a 
vessel made of a carbon steel or stainless steel is used. At 

least one element among Fe, Cr and Ni invade the sponge 
titanium from the vessel, and sponge titanium containing 
these elements is formed near the Wall and the bottom of the 
vessel. Conventionally, the sponge titanium thus formed is 
separately collected and used for other applications. In the 
present invention, hoWever, it is used as part of or the Whole 
of raW materials for the Fe, Cr and Ni addition. As a result, 
it becomes possible to produce the titanium alloy at loW cost. 
As described above, the present invention is capable of 

not only providing a high strength, high ductility titanium 
alloy by adding O, N, Fe (and Cr and Ni) in de?ned amounts 
but also producing the titanium alloy at loW cost by the use 
of the loW cost raW materials. Accordingly, the present 
invention is industrially extremely advantageous. 

Furthermore, since the titanium alloy of the invention 
does not contain Al as an alloying element, its hot Work 
ability is not loWered in contrast With conventional titanium 
alloys containing Al, and, therefore, its production is advan 
tageous. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graph shoWing the relationship betWeen a Q 
value and a tensile strength. 

FIG. 2 is a graph shoWing the relationship betWeen a Q 
value and an elongation. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

The present invention Will be illustrated in more detail by 
making reference to eXamples. 

EXAMPLE 1 

A high strength, high ductility titanium alloy having a 
tensile strength of 700 to 900 MPa and an elongation of at 
least 20% Was produced on the basis of the ?rst vieWpoint 
of the present invention. In addition, in the present eXample, 
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“comparative example” signi?es that it is outside the scope 
of the ?rst vieWpoint, and does not necessarily signify that 
it is outside the scope of the second vieWpoint. 

(1) Cylindrical ingots having a diameter of 430 mm Were 
prepared by VAR. The ingots Were heated to 1,000° C., and 
forged to billets having a diameter of 100 mm. The billets 
Were then heated to 850° C., and rolled to bars having a 
diameter of 12 mm. Moreover, the bars Were annealed at 
700° C. for 1 hour. The production instance Was designated 
“bar”. 

(2) Cylindrical ingots having a diameter of 430 mm Were 
prepared by VAR. The ingots Were heated to 1,000° C., and 
forged to slabs having a thickness of 150 mm. The slabs 
Were then heated to 850° C., and hot rolled to plates having 
a thickness of 4 mm. Moreover, the plates Were annealed at 
700° C. for 1 hour. The production instance Was designated 
“hot rolled plate”. 

(3) The hot rolled plates Were descaled, and cold rolled to 
sheets having a thickness of 1.5 mm. The production 
instance Was designated “cold rolled sheet”. 

The bars, the hot rolled plates and the cold rolled sheets 
produced by the above procedures Were subjected to tensile 
test (the folloWing test pieces being adopted: bars: a test 
piece having a diameter of 12.5 mm and a gauge length of 
50 mm; hot rolled plates and cold rolled sheets: a ?at test 
piece having a Width of 12.5 mm and a gauge length of 50 

Some of the test pieces Were subjected to rotate 
bending fatigue test (the non-failure strength at 107 cycles 
being de?ned as fatigue strength). The results are shoWn in 
Table 1 to Table 3. 

Samples shoWn in Table 1 are those Which contained 
chemical components related to the ?rst vieWpoint of the 
?rst aspect in the present invention. The addition of Fe Was 

carried out With a pure metal, FeTi or Fe2O3 (iron oXide). 
Samples shoWn in Table 2 are those Which contained 

chemical components related to the ?rst vieWpoint of the 
second aspect in the present invention. The addition of Fe, 
Ni and Cr Was conducted With pure metals, FeCr, FeNi, FeTi 
or Fe2O3. 

Table 3 shoWs examples of bars and hot rolled plates 
related to the production process of the present invention. 

TABLE 1 

Tensile Elong- Fatigue 

Test Chemical component (Wt. %) strength ation strength 

No. O N O" Fe MPa % MPa Remarks 

1 0.34 0.02 0.50 1.0 800 23.2 430 Bar, EX., (typical, 

Fe being near loWer limit) 

2 0.29 0.02 0.50 1.5 790 23.8 440 Bar, EX, (typical) 

3 0.24 0.02 0.50 2.0 810 20.5 450 Bar, EX., (typical, 

Fe being near loWer limit) 

4 0.28 0.045 0.50 1.0 780 20.7 420 Bar, EX., (N being 

near upper limit) 

5 0.28 0.05 0.52 1.0 810 20.5 400 Bar, EX., (N being 

upper limit) 
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TABLE l-continued 

Tensile Elong- Fatigue 
Test Chemical component Wt. % strength ation strength 

No. O N Q" Fe MPa % MPa Remarks 

6 0.23 0.06 0.50 1.0 820 16.6 310 Bar, Comp. EX., (N 
exceeding upper limit — 

elongation, fatigue X) 
7 0.22 0.01 0.34 0.9 720 25.0 — Bar, EX., (Q being 

near loWer limit) 
8 0.20 0.01 0.32 0.9 680 25.5 — Bar, Comp. EX., (Q 

being lOW — strength being lOW X) 
9 0.39 0.02 0.60 1.5 880 20.7 — Bar, EX. (Q being 

near upper limit) 
10 0.39 0.02 0 68 2.3 890 20.1 — Bar, EX., (Q and Fe 

being upper limit) 
11 0.42 0.03 0 70 2.0 950 16.3 — Bar, Comp. EX., 

Q (being high ductility 
being lOW X) 

12 0.27 0.01 0.38 0.8 680 26.0 — Bar, Comp. EX., 
Fe (being lOW — strength being lOW X) 

13 0.37 0.01 0.65 2.5 910 15.0 — Bar, Comp. EX., 
Fe (being high — strength being lOW X) 

14 0.33 0.02 0.52 1.2 820 23.0 — Hot rolled sheet, EX. 
15 0.37 0.01 0.52 1.2 830 21.4 — Hot rolled sheet, EX. 
16 0.27 0.01 0.40 1.0 700 27.0 — Cold rolled sheet, EX. 
17 0.32 0.03 0.60 2.0 890 21.0 — Cold rolled sheet, EX. 

Note: 
"Q = an oXygen equivalent value = [O] + 2.77[N] + 0.1[Fe] 
EX. = EXample = an eXample based on the ?rst vieWpoint of the ?rst aspect in the present invention 

TABLE 2 

Tensile Elong 
Test Chemical component (Wt. %) strength ation 

No. O N Q" Fe Ni Cr Fe + Ni + Cr MPa % Remarks 

18 0.37 0.01 0.52 1.00 0.10 0.10 1.20 830 21.0 Hot rolled plate, EX. 
19 0.37 0.01 0.50 1.00 0.25 0.25 1.50 870 20.5 Hot rolled plate, EX., Ni and Cr being 

upper limit 
20 0.34 0.02 0.50 0.80 0.10 0.10 1.00 800 23.5 Hot rolled plate, EX., Fe + Cr + Ni being 

near loWer limit 

21 0.34 0.02 0.49 0.70 0.10 0.10 0.90 790 22.6 Hot rolled plate, EX., Fe + Cr + Ni being 
loWer limit 

22 0.27 0.01 0.39 0.55 0.15 0.15 0.85 680 27.0 Hot rolled plate, Comp. EX., Fe + Cr + Ni 
being up to loWer limit, strength being 
lOW X 

23 0.32 0.03 0.60 1.70 0.15 0.15 2.00 880 22.3 Hot rolled plate, EX., Fe + Cr + Ni being 
near upper limit 

24 0.32 0.03 0.63 2.00 0.15 0.15 2.30 890 20.6 Hot rolled plate, EX., Fe + Cr + Ni being 
upper limit 

25 0.37 0.01 0.65 2.20 0.15 0.15 2.50 910 14.6 Hot rolled plate, Comp. EX., Fe + Cr + Ni 
eXceeding upper limit, ductility being 
lOW 

26 0.29 0.02 0.49 1.00 0.30 0.05 1.35 770 18.2 Hot rolled plate, Comp. EX., Ni being 
eXcessive X 

27 0.29 0.02 0.44 0.45 0.30 0.15 0.90 730 16.3 Hot rolled plate, Comp. EX., Ni being 
eXcessive X, (Fe being relatively 
insuf?cient) 

28 0.29 0.02 0.49 1.0 0.10 0.30 1.40 760 17.5 Hot rolled plate, Comp. EX., Cr being 
eXcessive X 

Note: 

"Q = an oXygen equivalent value = [O] + 2.77[N] + 0.1{[Fe] + [Cr] + [Ni]} 
EX. = EXample = an eXample based on the ?rst vieWpoint of the second aspect in the present invention 

65 
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TABLE 3 

12 

Tensile Elong 
Test Chemical component (wt. %) strength ation 

No. O N Q" Fe Ni Cr Fe + Ni + Cr MPa % Remarks 

29 0.34 0.02 0.50 0.9 0 0.18 1.08 810 22.7 Bar, EX. 
Ni and Cr being added from scrap of SUS430, 
Fe being further added from FeTi 

30 0.37 0.01 0.52 1.0 0.07 0.15 1.22 820 22.1 Hot rolled plate, EX. 
Ni and Cr being added from scrap of SUS304, 
Fe being further added from FeTi 

31 0.37 0.01 0.52 1.0 0.08 0.16 1.24 840 21.5 Hot rolled plate, EX. 
Ni and Cr being added from scrap of SUS316, 
Fe being further added from FeTi (* *) 

32 0.34 0.02 0.50 1.0 0 0 1.0 790 23.1 Bar, EX. 
entire Fe being added from 55400 

33 0.27 0.02 0.52 0.9 0.1 0.2 1.2 810 21.7 Hot rolled plate, EX. 
most of Fe, Ni and Cr being added from 
sponge titanium formed near vessel 

Note: 

** Mo in an amount of 2% in SUS316 becoming impurities in an amount of less than 0.02% in titanium alloy after melting. 
*** C in an amount of 0.1% in 55400 becoming impurities in an amount of 0.01% in titanium alloy after melting 

In Table 1, Test Nos. 1 to 5, 7, 9 and 10 (bars), and Test 
Nos. 14 to 17 (hot rolled plates or cold rolled sheets) are 
examples based on the ?rst viewpoint of the ?rst aspect in 
the present invention. The features of each of the examples 
are described in the corresponding row in the remarks 
column. The designation “typical” signi?es that the example 
is a typical one in the de?ned range. 

Test No. 6 is a comparative example of a bar which had 
a low elongation and a low fatigue strength due to a high 
nitrogen content and which was not in the de?ned range. 
Test No. 8 is a comparative example of a bar which had a 

low Q value (oxygen equivalent value: [O]+2.77[N]+0.1 
[Fe]). It is evident from the comparison of Test No. 8 with 
Test No. 7 that since Q in Test No. 8 was slightly outside the 
lower limit of the de?ned range, the bar did not attain a 
tensile strength of 700 MPa. Test No. 11 is a comparative 
example of a bar which had a high Q value due to the high 
oxygen content. It is evident from the comparison of Test 
No. 11 with Test No. 10 that since Q in Test No. 11 was 
slightly outside the upper limit of the de?ned range, the bar 
had a high tensile strength and a low elongation. Test No. 12 
is a comparative example of a bar which did not attain a 
tensile strength in the de?ned range due to a low Fe content. 
Moreover, Test No. 13 is a comparative example of a bar 
which had a solidi?cation segregation, a high tensile 
strength and a considerably low elongation due to a high Fe 
content. 

It can be seen from the above that a titanium alloy within 

the scope of the ?rst viewpoint in the ?rst aspect of the 
present invention has a tensile strength of 700 to 900 MPa 
and an elongation of at least 20%. 

In Table 2, Test Nos. 18 to 21, 23 and 24 are examples 
related to hot rolled plates and cold rolled sheets based on 
the ?rst viewpoint of the second aspect in the invention, and 
the features of each of the examples are described in the 
corresponding row in the remarks column. 

Test No. 22 is a comparative example of a hot rolled plate 
which had a low content of Fe+Ni+Cr, and which had 
consequently a tensile strength not reaching the de?ned 
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range. Test No. 25 is a comparative example of a cold rolled 
sheet which had a large content of Fe+Ni+Cr and a solidi 
?cation segregation, and which had consequently a tensile 
strength exceeding the de?ned range and a considerably 
lowered elongation. Test No. 26 is a comparative example of 
a hot rolled plate which had an excessive content of Ni and 
an insufficient elongation. Test No. 27 is a comparative 
example of a hot rolled plate which had an insuf?cient 
content of Fe and an excessive content of Ni and a lowered 
elongation. Test No. 28 is a comparative example of a hot 
rolled plate which had an excessive content of Cr and a 
lowered elongation. It can be seen from the above that a 

titanium alloy in the range of the ?rst viewpoint in the 
second aspect of the invention has a tensile strength of 700 
to 900 MPa and an elongation of at least 20%. 

In Table 3, Test No. 29 is an example of a bar which was 
prepared with scrap SUS430 as a Cr source and FeTi as an 

Fe source during VAR melting to have predetermined 
chemical components. Test No. 30 is an example of a hot 
rolled plate which was prepared with scrap SUS304 as an Ni 
and Cr source and FeTi as an Fe source to have predeter 

mined chemical components. Test No. 31 is an example of 
a hot rolled plate which was prepared with scrap SUS316 as 
an Ni and Cr source and FeTi as an Fe source to have 

predetermined chemical components. 
Test No. 32 is an example of a bar which was prepared 

with scrap of 55400 to have predetermined chemical com 
ponents. 

Furthermore, Test No. 33 is an example of a hot rolled 
plate which was prepared with cutout sponge titanium 
containing Fe, Ni and Cr which had invaded from a stainless 
steel vessel in the step of producing sponge titanium, to have 
predetermined chemical components. 

The contents of the chemical components of the samples 
are as shown in Table 3. Moreover, each of the samples had 
a tensile strength of at least 700 MPa and an elongation of 
at least 20%, namely in the range of the ?rst viewpoint in the 
?rst and the second aspect of the invention, and exhibited 
excellent properties. 
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EXAMPLE 2 

A high strength, high ductility titanium alloy having a 
tensile strength of at least 850 MPa and an elongation of at 
least 15% Was produced on the basis of the second vieWpoint 
in the present invention. In addition, in the present example, 
“comparative example” signi?es that it is outside the scope 
of the second vieWpoint, and does not necessarily signify 
that it is outside the scope of the ?rst vieWpoint. 

(1) Cylindrical ingots having a diameter of 430 mm Were 
prepared by VAR. The ingots Were heated to 1,000° C., and 
forged to billets having a diameter of 100 mm. The billets 
Were then heated to 850° C., and rolled to bars having a 
diameter of 12 mm. Moreover, the bars Were annealed at 
700° C. for 1 hour. The production instance Was designated 
“bar”. 

(2) Cylindrical ingots having a diameter of 430 mm Were 
prepared by VAR. The ingots Were heated to 1,000° C., and 
forged to slabs having a thickness of 150 mm. The slabs 
Were then heated to 850° C., and hot rolled to plates having 
a thickness of 4 mm. Moreover, the plates Were annealed at 
700° C. for 1 hour. The production instance Was designated 
“hot rolled plate”. 
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test (the folloWing test pieces being adopted: bars: a test 
piece having a diameter of 12.5 mm and a gauge length of 

50 mm; hot rolled plates and cold rolled sheets: a ?at test 

piece having a Width of 12.5 mm and a gauge length of 50 

Part of them Were subjected to rotate-bending fatigue 
test (the non-failure strength at 107 cycles being de?ned as 
fatigue strength). The results are shoWn in Table 4 to Table 

6. 

Samples shoWn in Table 4 are those Which contained 

chemical components related to the ?rst aspect of the present 
invention. The addition of Fe Was carried out With pure 

metal, FeTi or Fe2O3 (iron oxide) 

Samples shoWn in Table 5 are those Which contained 
chemical components related to the second aspect of the 
present invention. The addition of Fe, Ni and Cr Was carried 

out With pure metals, FeCr, FeNi, FeTi or Fe2O3. 

Table 6 shoWs examples of bars and hot rolled plates 
related to the production process of the present invention. 

TABLE 4 

Rotate 
bending 

Tensile Elong- fatigue 
Test Chemical component Wt. % strength ation strength 

No. O N Fe Q" MPa % MPa Remarks 

1 0.37 0.02 1.20 0.55 860 23.0 — Hot rolled plate, Ex. 
2 0.57 0.02 1.20 0.75 990 20.5 — Hot rolled plate, Ex. 
3 0.77 0.04 0.70 0.95 1100 14.0 — Hot rolled plate, 

Conventional Ex. 
4 0.75 0.04 0.90 0.95 1130 15.8 — Hot rolled plate, 

Ex., Fe being loWer limit 
5 0.72 0.04 1.20 0.95 1150 16.5 — Hot rolled plate, Ex. 
6 0.27 0.02 1.20 0.45 820 23.5 — Hot rolled plate, 

Comp. Ex., Q being overly lOW — 
strength being lOW 

7 0.82 0.04 1.20 1.05 1190 9.5 — Hot rolled plate, 
Comp. Ex., Q being excessive — 
ductility being lOW 

8 0.53 0.045 1.00 0.75 1010 19.2 540 Bar, Ex., N being 
near upper limit 

9 0.53 0.05 1.00 0.77 1040 18.5 550 Bar, Ex., N being 
upper limit 

10 0.50 0.055 1.00 0.75 1020 11.0 360 Bar, Comp. Ex., N 
being excessive — ductility and 
fatigue strength being lOW 

11 0.55 0.045 0.75 0.75 1010 12.5 390 Bar, Comp. Ex., Fe 
being overly lOW — ductility and 
fatigue strength being lOW 

12 0.49 0.02 2.00 0.75 970 20.1 520 Bar, Ex., Fe 
being near upper limit 

13 0.49 0.02 2.3 0.78 990 19.5 510 Bar, Ex., Fe 
being upper limit 

14 0.44 0.02 2.50 0.75 980 11.5 360 Bar, Comp. Ex., Fe 
being excessive — ductility and 
fatigue strength being lOW 

15 0.40 0.01 1.20 0.55 870 22.5 — Cold rolled sheet, Ex. 
16 0.50 0.01 1.20 0.65 910 21.7 — Cold rolled sheet, Ex. 

Note: 

"Q = [o] + 2.77[N] + 0.1[Fe] 

(3) The hot rolled plates Were descaled, and cold rolled to 
sheets having a thickness of 1.5 mm. The production 
instance Was designated “cold rolled sheet”. 65 

The bars, the hot rolled plates and the cold rolled sheets 
produced by the above procedures Were subjected to tensile 
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TABLE 5 

16 

Tensile Elong 
Test Chemical component (wt. %) strength ation 

No. O N Fe Ni Cr Fe + Ni + Cr Q" MPa % Remarks 

17 0.57 0.02 1.0 0.1 0.1 1.2 0.75 980 20.7 Hot rolled plate, Ex. 
18 0.60 0.02 0.6 0.15 0.1 0.9 0.75 980 19.8 Hot rolled plate, Ex. 

Fe + Ni + Cr being lower limit 
19 0.60 0.02 0.6 0.25 0.25 1.1 0.77 990 18.8 Hot rolled plate, Ex. 

Ni and Cr being upper limit 
20 0.61 0.02 0.65 0.10 0.05 0.80 0.75 930 12.5 Hot rolled plate, Comp. Ex., Fe + Ni + Cr being 

insu?icient, strength and ductility being 
low 

21 0.48 0.02 1.8 0.15 0.15 2.1 0.75 970 20.5 Hot rolled plate, Ex. 
Fe + Ni + Cr being near upper limit 

22 0.48 0.02 2.0 0.15 0.15 2.3 0.77 980 20.2 Hot rolled plate, Ex. 
Fe + Ni + Cr being upper limit 

23 0.43 0.02 2.15 0.17 0.18 2.5 0.75 960 11.5 Hot rolled plate, Comp. Ex., Fe + Ni + Cr being 
excessive — ductility being low 

24 0.42 0.01 0.80 0.10 0.10 1.0 0.55 870 21.5 Cold rolled sheet, Ex. 
25 0.42 0.01 0.65 0.30 0.05 1.0 0.55 860 11.5 Cold rolled sheet, Comp. Ex., Ni being 

excessive — ductility being low 
26 0.42 0.01 0.65 0.05 0.30 1.0 0.55 870 12.5 Cold rolled plate, Comp. Ex., Cr being 

excessive — ductility being low 

Note: 

*Q = [O] + 2.77[N] + 0.1{[Fe] + [Ni] + [Cr]} 

TABLE 6 

Tensile Elong 
Test Chemical component (wt. %) strength ation 

No. O N Fe Ni Cr Fe + Ni + Cr Q" MPa % Remarks 

27 0.56 0.03 0.9 0 0.18 1.08 0.75 970 21.0 Hot rolled plate, Ex. 
Ni and Cr being added from scrap of SUS430, 
Fe being further added from FeTi 

28 0.54 0.03 1.0 0.07 0.22 1.29 0.75 990 20.8 Hot rolled plate, Ex. 
Ni and Cr being added from scrap of SUS304, 
Fe being further added from FeTi 

29 0.53 0.03 1.0 0.08 0.24 1.32 0.75 990 21.1 Hot rolled plate, Ex. 
Ni and Cr being added from scrap of SUS316, 
Fe being further added from FeTi (* *) 

30 0.54 0.03 1.0 0 0 1.0 0.72 950 23.1 Hot rolled plate, Ex. 
entire Fe being added from S5400 

31 0.56 0.03 1.0 0.1 0.2 1.3 0.77 1010 18.7 Hot rolled plate, Ex. 
most of Fe, Ni and Cr being added from 
sponge titanium formed near vessel 

Note: 

** Mo in an amount of 2% in SUS316 becoming impurities in an amount of less than 0.02% in titanium alloy after melting. 
*** C in an amount of 0.1% in S5400 becoming impurities in an amount of 0.01% in titanium alloy after melting 

In Table 4, Test Nos. 1, 2, 4 and 5 (hot rolled plates), Test 
Nos. 8, 9, 12 and 13 (bars) and Test Nos. 15 and 16 (cold 
rolled sheets) are examples based on the second viewpoint 
of the ?rst aspect in the present invention. The features of 
each of the examples are described in the corresponding row 
in the remarks column. 

Test No. 3 is a conventional example of a hot rolled plate 
which had a low Fe content and a low elongation not 

reaching the de?ned range. Test No. 6 is a comparative 
example of a hot rolled plate which had a low value of Q 
(oxygen equivalent value: [O]+2.77[N]+0.1[Fe]) and an 
insuf?cient tensile strength. It is evident from the compari 
son of Test No. 6 with Test No. 1 that since Q in Test No. 
6 was slightly outside the lower limit of the de?ned range, 
the hot rolled plate did not attain a tensile strength of 850 
MPa. Test No. 7 is a comparative example of a hot rolled 
sheet which had a high Q value due to a high oxygen 
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content. Although the hot rolled plate had a high tensile 
strength, it had a considerably low elongation. 

Test No. 10 is a comparative example of a bar which had 
a high nitrogen content and a low elongation and a low 
fatigue strength. Test No. 11 is a comparative example of a 
bar which had a low Fe content and a low elongation and a 
low fatigue strength. Moreover, Test No. 14 is a comparative 
example of a bar which had a solidi?cation segregation and 
a low elongation and a low fatigue strength due to a high Fe 
content. 

It can be seen from the above that a titanium alloy within 

the scope of the second viewpoint in the ?rst aspect of the 
present invention has a tensile strength of at least 850 MPa 
and an elongation of at least 15%. 

In Table 5, Test Nos. 17 to 19, 21, 22 and 24 are examples 
related to hot rolled sheets and cold rolled sheets based on 

the second viewpoint of the second aspect of the invention, 
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and the features of each of the examples are described in the 
corresponding roW in the remarks column. 

Test No. 20 is a comparative example of a hot rolled plate 
Which had a loW total content of Fe+Ni+Cr, and Which 
consequently did not attain an elongation in the de?ned 
range. Test No. 23 is a comparative example of a cold rolled 
plate Which had a large content of Fe+Ni+Cr and a solidi 
?cation segregation, and Which had consequently a consid 
erably loWered elongation. Test No. 25 is a comparative 
example of a cold rolled sheet Which had an excessive 
content of Ni and an insuf?cient elongation. Test No. 26 is 
an example of a cold rolled sheet Which had an excessive 

content of Cr and an insuf?cient elongation. It can be seen 

from the results described above that a titanium alloy Within 
the scope of the second vieWpoint in the second aspect of the 
invention has a tensile strength of at least 850 MPa and an 
elongation of at least 15%. 

In Table 6, Test No. 27 is an example of a bar Which Was 
prepared With scrap of SUS430 as an Fe and Cr source and 
FeTi as an Fe source during VAR melting to have predeter 
mined chemical components. Test No. 28 is an example of 
a hot rolled plate Which Was prepared With scrap SUS304 as 
an Fe, Ni and Cr source and FeTi as an Fe source to have 

predetermined chemical components. Test No. 29 is an 
example of a hot rolled plate Which Was prepared With scrap 
of SUS316 as an Fe, Ni and Cr source and FeTi as an Fe 

source to have predetermined chemical components. 

Test No. 30 is an example of a bar Which Was prepared 
With scrap of SUS400 as an Fe source to have predetermined 

chemical components. 

Furthermore, Test No. 31 is an example of a hot rolled 
plate Which Was prepared With cutout sponge titanium 
containing Fe, Ni and Cr Which had invaded from a stainless 
steel vessel in the step of producing sponge titanium, to have 
predetermined chemical components. 

The contents of the chemical components of the samples 
are as shoWn in Table 6. Moreover, each of the samples had 
a tensile strength of at least 850 MPa and an elongation of 
at least 15%, namely in the range of the second vieWpoint of 
the ?rst and the second aspect in the invention, and exhibited 
excellent properties. 

EXAMPLE 3 

A high strength, high ductility titanium alloy having a 
tensile strength of at least 850 MPa and an elongation of at 
least 15% Was produced on the basis of the second vieWpoint 
of the present invention. In addition, “a comparative 
example” in the present invention signi?es that it is outside 
the scope of the second vieWpoint and does not necessarily 
signify that it is outside the scope of the ?rst vieWpoint. 

Samples containing 1.5% by Weight of Fe (examples) or 
0.7% by Weight of Fe (comparative examples) and having Q 
values as shoWn in Table 7 Were prepared as described 

beloW. Cylindrical ingots having a diameter of 100 mm Were 
melted by plasma arc melting. The ingots Were heated to 
1,000° C., and forged to slabs having a thickness of 80 mm. 
The slabs Were then heated to 850° C., and hot rolled to hot 
rolled plates having a thickness of 4 mm. The hot rolled 
plates Were annealed at 700° C. for 1 hr. The samples thus 
obtained Were subjected to the tensile test described in 
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Example 1. The results thus obtained are plotted and shoWn 
in FIGS. 1 and 2. 

It is understood from the ?gures that the alloys containing 
1.5% of Fe in the present invention (denoted by the mark 0) 
exhibit improved tensile strength and elongation from a Q 
value of at least 0.5, in comparison With conventional alloys 
(0.7% Fe, denoted by the mark '). The improvement 
becomes particularly signi?cant When Q=0.68—1.00. 

TABLE 7 

Tensile 
strength Elongation 

Chemical component Wt. %) MPa ** % ** 

Fe O N O" min max. min. max. Remarks 

0.7 0.08 0.01 0.18 590 610 29.3 31.4 Comp. Ex 
0.7 0.17 0.01 0.27 650 670 26.5 28.5 Comp. Ex 
0.7 0.25 0.01 0.35 700 730 25.5 27.0 Comp. Ex 
0.7 0.33 0.02 0.46 770 790 22.7 24.1 Comp. Ex 
0.7 0.40 0.02 0.53 790 820 20.6 22.5 Comp. Ex 
0.7 0.48 0.02 0.61 840 860 19.2 21.4 Comp. Ex 
0.7 0.56 0.02 0.69 890 910 18.3 19.5 Comp. Ex 
0.7 0.60 0.03 0.75 920 950 16.7 18.6 Comp. Ex 
0.7 0.71 0.03 0.86 1000 1030 14.0 16.6 Comp. Ex 
0.7 0.77 0.04 0.95 1050 1080 12.5 15.0 Comp. Ex 
0.7 0.83 0.04 1.01 1070 1110 10.5 12.8 Comp. Ex 
0.7 0.90 0.04 1.08 1120 1170 9.2 11.5 Comp. Ex 
0.7 0.95 0.04 1.13 1150 1190 6.1 9.1 Comp. Ex 
1.5 0.04 0.005 0.20 600 620 28.0 30.1 Comp. Ex 
1.5 0.07 0.01 0.25 640 660 26.3 29.0 Comp. Ex 
1.5 0.19 0.01 0.37 720 740 25.2 27.3 Comp. Ex 
1.5 0.23 0.02 0.44 790 810 22.8 24.4 Comp. Ex 
1.5 0.34 0.02 0.55 860 890 21.3 23.2 Ex. 
1.5 0.39 0.02 0.60 890 920 20.0 22.3 Ex. 
1.5 0.45 0.03 0.68 940 960 19.7 21.8 Ex. 
1.5 0.49 0.03 0.72 1000 1030 19.5 21.3 Ex. 
1.5 0.62 0.04 0.88 1110 1140 18.6 20.2 Ex. 
1.5 0.67 0.04 0.93 1180 1210 17.1 19.3 Ex. 
1.5 0.73 0.04 0.99 1200 1250 16.0 18.5 Ex. 
1.5 0.79 0.04 1.05 1250 1280 10.5 15.0 Comp. Ex 
1.5 0.89 0.04 1.15 1270 1330 8.5 10.5 Comp. Ex 

Note‘ 

*Q = [O] + 2.77[N] + 0.1 
**the maximum value and the minimum value obtained from 5 samples 

INDUSTRIAL APPLICABILITY 

As explained above, the present invention provides a high 
strength, high ductility titanium alloy Which Was prepared 
by increasing an Fe content as a strengthening element While 
the N content is decreased, adjusting the contents of 
strengthening elements O, N and Fe, or those of strength 
ening elements O, N, Fe, and Cr and Ni (Cr and Ni replacing 
part of Fe) through adjusting an oxygen equivalent value Q. 
Moreover, according to the present invention, the strength 
ening elements mentioned above can be supplied from loW 
cost raW materials, and, therefore, the titanium alloy may be 
produced at loW cost. Accordingly, the present invention is 
extremely advantageous from an industrial standpoint. 
We claim: 
1. Ahigh strength, high ductility titanium alloW free of Al, 

V and Mo and comprising O, N and Fe as strengthening 
elements and the balance substantially Ti, the contents of the 
strengthening elements satisfying the folloWing relation 
ships (1) to (3): 

(1) from 0.9 to 2.3% by Weight of Fe, 
(2) up to 0.05% by Weight of N, and 
(3) an oxygen equivalent value Q, Which is de?ned by the 

formula mentioned beloW, of 0.40 to 1.00 
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wherein [O] is the oxygen content (% by Weight), [N] is the 
nitrogen content (% by Weight) and [Fe] is the iron content 
(% by Weight), the titanium alloy having a tensile strength 
of at least 700 MPa and an elongation of at least 15%. 

2. Ahigh strength, high ductility titanium alloy free of Al, 
V and Mo and comprising O, N, Fe and at least one element 
selected from Cr and Ni as strengthening elements and the 
balance substantially Ti, the contents of the strengthening 
elements satisfying the folloWing relationships (1) to (6): 

(1) from 0.9 to 2.3% by Weight of the total amount of Fe, 
Cr and Ni, 

(2) at least 0.4% by Weight of Fe, 
(3) up to 0.25% by Weight of Cr, 
(4) up to 0.25% by Weight of Ni, 
(5) up to 0.05% by Weight of N, and 
(6) an oxygen equivalent value Q, Which is de?ned by the 

formula mentioned beloW, of 0.40 to 1.00 

Wherein [O] is the oxygen content (% by Weight), [N] is 
the nitrogen content (% by Weight), [Fe] is the iron 
content (% by Weight), [Cr] is the Cr content (% by 
Weight) and [Ni] is the Ni content (% by Weight), the 
titanium alloy having a tensile strength of at least 700 
MPa and an elongation of at least 15%. 

3. The high strength, high ductility titanium alloy as 
claimed in claim 1, Wherein the oxygen equivalent value Q 
is from 0.40 to 0.68, and the titanium alloy has a tensile 
strength of 700 to 900 MPa and an elongation of at least 
20%. 

4. The high strength, high ductility titanium alloy as 
claimed in claim 1, Wherein the oxygen equivalent value Q 
is from 0.50 to 1.00, and the titanium alloy has a tensile 
strength of at least 850 MPa and an elongation of at least 
15%. 

5. The high strength, high ductility titanium alloy as 
claimed in claim 4, Wherein the oxygen equivalent value Q 
is from greater than 0.68 to 1.00, and the titanium alloy has 
a tensile strength exceeding 900 MPa. 

6. The high strength, high ductility titanium alloy as 
claimed in claim 2, Wherein the oxygen equivalent value Q 
is from 0.40 to 0.68, and the titanium alloy has a tensile 
strength of 700 to 900 MPa and an elongation of at least 
20%. 

7. The high strength, high ductility titanium alloy as 
claimed in claim 2, Wherein the oxygen equivalent value Q 
is from 0.50 to 1.00, and the titanium alloy has a tensile 
strength of at least 850 MPa and an elongation of at least 
15%. 

8. The high strength, high ductility titanium alloy as 
claimed in claim 7, Wherein the oxygen equivalent value Q 
is from greater than 0.68 to 1.00, and the titanium alloy has 
a tensile strength exceeding 900 MPa. 

9. A process for producing a high strength, high ductility 
titanium alloy comprising O, N and Fe as strengthening 
elements and the balance substantially Ti, the contents of the 
strengthening elements satisfying the folloWing relation 
ships (1) to (3): 

(1) from 0.9 to 2.3% by Weight of Fe, 
(2) up to 0.05% by Weight of N, and 
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(3) an oxygen equivalent value Q, Which is de?ned by the 

formula mentioned beloW, of 0.40 to 1.00 

Wherein [O] is the oxygen content (% by Weight), [N] is 
the nitrogen content (% by Weight) and [Fe] is the iron 
content (% by Weight), the titanium alloy having a 
tensile strength ot at least 700 MPa and an elongation 
of at least 15%, 

the process comprising charging at least one steel selected 
from carbon steels and stainless steels to a melt ot 
titanium during the production of said titanium alloy, so 
that at least part of Fe as the strengthening element is 
introduced from said steel to said titanium alloy. 

10. Aprocess for producing a high strength, high ductility 
titanium alloy comprising O, N, Fe and at least one element 
selected from Cr and Ni as strengthening elements and the 
balance substantially Ti, the contents of the strengthening 
elements satisfying the folloWing relationships (1) to (6): 

(1) from 0.9 to 2.3% by Weight of the total amount of Fe, 
Cr and Ni, 

(2) at least 0.4% by Weight of Fe, 
(3) up to 0.25% by Weight of Cr, 
(4) up to 0.25% by Weight of Ni, 
(5) up to 0.05% by Weight of N, and 
(6) an oxygen equivalent value Q, Which is de?ned by the 

formula mentioned beloW, of 0.40 to 1.00 

Wherein [O] is the oxygen content (% by Weight), [N] is 
the nitrogen content (% by Weight), [Fe] is the iron 
content (% by Weight), [Cr] is the Cr content (% by 
Weight) and [Ni] is the Ni content (% by Weight), the 
titanium alloy having a tensile strength of at least 700 
MPa and an elongation of at least 15%, 

the process comprising charging at least one steel selected 
from carbon steels and stainless steels to a melt of 
titanium during the production of said titanium alloy, so 
that at least part of Fe, Cr and Ni as the strengthening 
elements is introduced from said steel to said titanium 
alloy. 

11. Aprocess for producing a high strength, high ductility 
titanium alloy comprising O, N and Fe as strengthening 
elements and the balance substantially Ti, the contents of the 
strengthening elements satisfying the folloWing relation 
ships (1) to (3): 

(1) from 0.9 to 2.3% by Weight of Fe, 
(2) up to 0.05% by Weight of N, and 
(3) an oxygen equivalent value Q, Which is de?ned by the 

formula mentioned beloW, of 0.40 to 1.00 

Wherein [O] is the oxygen content (% by Weight), [N] is 
the nitrogen content (% by Weight) and [Fe] is the iron 
content (% by Weight), the titanium alloy having a 
tensile strength of at least 700 MPa and an elongation 
of at least 15%, 

the process comprising: 
producing sponge titanium in a vessel made from a steel 

containing Fe, Whereby Fe from Walls or bottom or 
both of said vessel is transferred into said sponge 
titanium, and 
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then charging said sponge titanium containing said Fe as 
at least part of the source for Fe as a strengthening 
element in the production of the titanium alloy. 

12. Aprocess for producing a high strength, high ductility 
titanium alloy comprising O, N, Fe and at least one element 
selected from Cr and Ni as strengthening elements and the 
balance substantially Ti, the contents of the strengthening 
elements satisfying the folloWing relationships (1) to (6): 

(1) from 0.9 to 2.3% by Weight of the total amount of Fe, 
Cr and Ni, 

(2) at least 0.4% by Weight of Fe, 
(3) up to 0.25% by Weight of Cr, 
(4) up to 0.25% by Weight of Ni, 
(5) up to 0.05% by Weight of N, and 
(6) an oXygen equivalent value Q, Which is de?ned by the 

formula mentioned beloW, of 0.40 to 1.00 
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Wherein [O] is the oxygen content (% by Weight), [N] is 

the nitrogen content (% by Weight), [Fe] is the iron 
content (% by Weight), [Cr] is the Cr content (% by 
Weight) and [Ni] is the Ni content (% by Weight), the 
titanium alloy having a tensile strength of at least 700 
MPa and an elongation of at least 15%, 

the process comprising: 
producing sponge titanium in a vessel made from a steel 

containing at least one element selected from Fe, Cr 
and Ni Whereby said at least one element from Walls or 
bottom or both of said vessel is transferred into said 

sponge titanium, and 
then charging said sponge titanium containing said at least 

one element as at least part of the source for the at least 
one element selected from Fe, Cr and Ni as the 
strengthening element in the production of the titanium 
alloy. 


